Abstract: A number of novel N -acyl/aroyl-2-(5-phenyl-2 H -tetrazol-2-yl)acetohydrazides (4a-j) of biological interest were efficiently synthesized by treating 2-(5-phenyl-2 H -tetrazole-2-yl)acetohydrazide (3) with a variety of aroyl/heterocyclyl or alkanoyl chlorides. FTIR, 1 H NMR, 13 C NMR, GC-MS, and elemental analyses data confirmed the structures assigned to the newly synthesized compounds.
Introduction
Heterocyclic compounds display a broad spectrum of biological activities. 5-Substituted 1,2,3,4-tetrazoles are 5-member aromatic heterocyclic compounds containing 4 nitrogen atoms. The literature on this nucleus is rapidly expanding. This heterocycle has gained significance not only in coordination chemistry as a ligand 1 but also in medicinal chemistry as a metabolically stable surrogate for a carboxylic acid group. antifungal, 4 antinoceceptive, 5 analgesic, 6 anti-inflammatory, 7 anticonvulsant, 8 hypoglycemic, 9 and antihypertensive activities.
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In conjunction with tetrazoles, hydrazide is another important functionality and a key precursor for the synthesis of several bioactive scaffolds such as oxadiazoles, thiadiazoles, Schiff bases, pyrazoles, and triazoles.
The conversion of tetrazoles bearing hydrazide moiety into Schiff bases 11 and triazoles 12 has been reported.
In the light of these studies, concerning the individual importance of tetrazoles and hydrazides, the aim of this work was to synthesize some new N -acyl/aroyl-2-(5-phenyl-2H -tetrazol-2-yl)acetohydrazides. Diversity can be introduced by using a variety of aryl/heterocyclyl substituents leading to compounds with enhanced biological activities. The tetrazole scaffold is especially a bioisostere for the carboxylate group and a novel ligand for applications in coordination chemistry. Figure 1 
Experimental
Melting points were recorded using a digital Gallenkamp (SANYO, Loughborough, UK) model MPD BM 3.5 apparatus and are uncorrected. 1 H and 13 C NMR spectra were determined in CDCl 3 at 300 and 75 MHz, respectively, using a Bruker AM-300 spectrophotometer (Billerica, Middlesex, MA, USA). FT-IR spectra were recorded using a Rad Excalibur FTS 3000 MX spectrophotometer (Madison, WI, USA). Mass spectra (EI, 70 eV) were recorded on a GC-MS instrument (Agilent Technologies 1200 series, Santa Clara, CA, USA), and elemental analyses were carried out with a LECO-183 CHNS analyzer (LECO Corporation, St Joseph, MI, USA). The R f values are reported in n− hexane:ethyl acetate (1:1) as mobile phase.
Synthesis of 5-phenyl-2H -tetrazole (1)
5-Phenyl tetrazole was prepared according to the literature procedure. and the reaction mixture was refluxed for 15 h. On completion (TLC control), the mixture was cooled to room temperature and the solid obtained was filtered and then was washed with water. In continuation of the workup, the solid residue was treated with 3 N HCl (4 mL) to afford the product as a white solid (2.1 g, yield 78% 
Synthesis of 2-(5-phenyl-2H -tetrazole-2-yl)acetohydrazide (3)
To a solution of tetrazole-ester (2) (0.218 g, 1.0 mmol) in 10 mL of dry distilled methanol was added hydrazine hydrate (2 mmol). 13 The reaction mixture was stirred at room temperature. The reaction was monitored by TLC. The precipitates obtained were filtered and then washed with methanol to obtain tetrazolehydrazide (3). White crystalline solid, (0.35 g, yield 95%). mp 212 
General procedure for the synthesis of N -acyl/aroyl-2-(5-phenyl-2H -tetrazol-2-yl)acetohydrazides (4a-j)
Different acyl/aroyl chlorides were synthesized by refluxing a variety of acids in thionyl chlorides for 25-30 min. The acid chlorides (0.1 mmol) were added slowly to a stirred solution of 2-(5-phenyl-2H -tetrazole-2-yl)acetohydrazide (3) (0.1 mmol) in dry DMF at room temperature. The reaction mixture was stirred for a further 30 min and the progress of the reaction was followed by TLC. On completion, the reaction mixture was poured into an excess of cold water and the solid precipitated out, which was filtered and washed with methanol. The solid was further recrystallized in ethanol/methanol to afford the pure products.
4-Nitro-N' -(2-(5-phenyl-2H -tetrazol-2-yl)acetyl)benzohydrazide (4a)
Light green solid (0.82 g, yield 95% 
2-Chloro-N' -(2-(5-phenyl-2H -tetrazol-2-yl)acetyl)benzohydrazide (4b)
Yellowish solid (0.75 g, yield 82% 
3,5-Dimethoxy-N' -(2-(5-phenyl-2H -tetrazol-2-yl)acetyl)benzohydrazide (4e)
White solid (0.58 g, yield 76%). mp 265 
4-Bromo-3,5-dimethoxy-N' -(2-(5-phenyl-2H -tetrazol-2-yl)acetyl)benzohydrazide (4f )
Brown solid (0.85 g, yield 78% 
2-Oxo-N' -(2-(5-phenyl-2H-tetrazol-2-yl)acetyl)-2H -chromene-3-carbohydrazide (4h)
Light yellowish solid (0.91 g, yield 90% 
Results and discussion
The synthesis of the title compounds (4a-j) was carried out according to the synthetic route sketched in Figure   2 . Accordingly the [3+2] cycloaddition of sodium azide and benzonitrile in the presence of zinc chloride in aqueous medium led to the formation of 5-phenyl-2H -1,2,3,4-tetrazole (1), which is capable of existing in solution as equilibrium mixtures of N1 and N2 tautomers.
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The next step was the base catalyzed abstraction of the acidic NH of the tetrazole ring followed by treatment with methyl 2-chloroacetate to afford the ester (2) . A study of the literature shows that N-(Raminoalkyl)tetrazoles exist in solution as equilibrium mixtures of N1 and N2 tautomers. The position of equilibrium depends significantly on the polarity of the solvent and the substituents in the tetrazole ring. Interconversion between individual tautomers is shown to proceed via tight ion-pair intermediates in which intramolecular recombination is faster than the intermolecular crossover since the latter probably requires solvent separation of ion-pair intermediates.
14 Normally, such reactions have been carried out using potassium carbonate in acetone, which leads to the formation of isomeric esters, which not only requires separation. However, the use of triethylamine and acetonitrile followed by recrystallization from n-hexane led to the formation of pure methyl 2-(5-phenyl-2H -tetrazol-2-yl)acetate as a single pure tautomer. In FTIR the presence of stretches at 1756 cm −1 corroborates the attachment of ester (1b) moiety. In 1 H NMR, the presence of 2 and 3 proton singlets at 5.94 and 3.75 ppm indicated the methylene and ester methyl groups respectively and in the 13 C NMR spectrum the signal at 167.11 ppm was observed for ester carbonyl carbon.
Reaction of ester (2) with slight excess of hydrazine hydrate in dry methanol at 45-50 • C afforded 2-(5-phenyl-2H -tetrazol-2-yl)acetohydrazide (3). In FTIR the stretching at 3132 (-NH) and 3307 (-NH 2 ) cm
confirmed the conversion of ester into hydrazide. In the 1 H NMR spectrum the singlet at 4.46 ppm was assigned to the -NH 2 and that at 9.65 ppm to the -NH proton. In the 13 C NMR spectrum the slight upfield shift of the carbonyl signal from 167.11 to 164.62 ppm further confirmed the conversion of ester into hydrazide.
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Finally a number of acid chlorides were freshly prepared by refluxing the carboxylic acids with thionyl chloride. The title N -acyl/aroyl-2-(5-phenyl-2H -tetrazol-2-yl)acetohydrazides (4a-j) were obtained by stirring acid chlorides at room temperature with 2-(5-phenyl-1H -tetrazole-1-yl)acetohydrazide (3) In the case of a typical heteroaryl compound (4h) bearing a 3-coumarinyl substituent, in the 1 H NMR 
Conclusion
In the present study, different acyl/alkenyl or aroyl groups were attached to the tetrazole hydrazide nucleus via -CONH-NH-CO-linkage to obtain new compounds with potentially improved biological activities and for use as novel ligands in coordination chemistry.
